We tested hypotheses about factors likely to influence movements of prairie voles (Microtus ochrogaster) and meadow voles (M. pennsylvanicus) between habitat patches that differed in availability of high-quality food and amount of vegetative cover. More emigration (per capita) occurred from low-quality habitats than from highquality habitats. A greater proportion of emigrants from high-quality habitats returned to home habitats than did those from low-quality habitats. More emigrant prairie voles moved toward habitats with supplemental food, and more emigrants moved toward the nearest receiving habitat. Prairie voles (a monogamous species) showed greater than expected permanent emigration by subadults, whereas meadow voles (a promiscuous species) showed greater than expected permanent emigration by males. These patterns largely support predictions from evolutionary theories of dispersal. Emigrating female voles, but not males, selectively settled in habitats with supplemental food, which supports the hypothesis that females respond to resource availability but males respond to availability of females. Overall, movement patterns reported here and density-dependent declines in fitness reported previously indicate that movements across habitat boundaries tend to equalize fitness of residents in habitats of different quality, consistent with the hypothesis that voles have an ideal-free distribution across habitats.
Movement among habitats of different quality can substantially influence individual fitness (Fretwell and Lucas 1970; Morris 1989) , population demographics (Dias 1996; McPeek and Holt 1992; Pulliam 1988; Pulliam and Danielson 1991) , and community structure (Brown et al. 1994; Danielson 1991 Danielson , 1992 Holt 1985) . Movement between favorable habitats also is essential for the persistence of metapopulations (Hanski and Gilpin 1997) . For these reasons, the study of movements across habitat boundaries becomes important for understanding ecological processes in heterogeneous landscapes (Wiens et al. 1993) .
For small mammals, habitat quality is strongly influenced by the availability of resources and the risk of predation (Fretwell and Lucas 1970; Lin and Batzli 2001) . However, few studies have reported on movements among habitats of different qualities (Cockburn and Lidicker 1983; Morris 1989 Morris , 1991 Ostfeld and Klosterman 1986) , and those that did were rarely experimental or replicated. Experimental studies that examined movements among habitats have focused on the effects of landscape configuration (e.g., Aars et al. 1999; Diffendorfer et al. 1995) or connectivity (e.g., Andreassen et al. 1996; Ims and Andreassen 1999) , but not on composition (habitat quality-but see Gundersen et al. 2001) .
Here, we report on factors that influence the movements of 2 species of voles, prairie voles (Microtus ochrogaster) and meadow voles (M. pennsylvanicus), given access to habitats of different quality but identical size and shape. Demographic responses of populations to our experimental protocol have been described in Lin and Batzli (2001) . Here, we focus on patterns of individual movements that provide insight into the circumstances that influence the decision to cross habitat boundaries. Throughout this paper, we follow Lidicker (1975) by defining any movement from the natal home range as dispersal, but only movements out of a population (i.e., between-habitat movements) as emigration.
HYPOTHESES AND PREDICTIONS
Propensity to move.-Animals could move between habitats for several reasons. The hypothesis of ideal-free distribution (Fretwell and Lucas 1970) states that if animals have complete information on habitat quality and if movement is not constrained, individuals should move to habitats in which their fitness is maximized. Thus, animals should move from habitats of low basic quality (only evident at low population densities) to habitats of higher basic quality until higher density in those habitats equalizes the realized quality of, and therefore fitness in, the 2 habitat types. Per capita emigration rates would then be higher in habitats of low quality, where lower densities prevail (McPeek and Holt 1992) . Alternatively, animal movements can be constrained by territorial behavior (Fretwell and Lucas 1970) or breeding site preemption (Pulliam and Danielson 1991; Rodenhouse et al. 1999 ) so that an ideal-despotic distribution (Fretwell and Lucas 1970) or idealpreemptive distribution (Pulliam and Danielson 1991) results. Under these hypotheses, when a habitat of high quality is saturated by dominant individuals or preempted by early arrivals, surplus individuals are continually forced into habitats with lower quality. Fitness remains higher in habitats of high quality, and per capita emigration rates are higher from highquality than from low-quality habitats.
Because animals emigrating from low-quality habitat are more likely to find habitats of higher quality in which to settle, we also predicted that the relative amount of resident emigration (emigrants settled in the new habitats) would be greater from low-quality habitats, whereas exploratory movements would occur relatively more from high-quality habitats. Because population densities of voles in our experiment reached high levels late in the growing season (Lin and Batzli 2001) , emigrants should have experienced more difficulty when settling in new habitats due to habitat saturation (Brown 1969) . Therefore, we further predicted that the proportion of movements classified as nomadic or exploratory emigration, in which emigrants do not settle in the new habitats, would increase late in the season.
Direction of movement.-How much small mammals know about the area outside their home ranges should affect their patterns of emigration. If voles know little about the quality of habitats outside their home range, then emigrating voles should exhibit random movements and move more often to the habitat that is closer to their center of activity. Alternatively, small mammals might be quite familiar with areas outside their home ranges (Robinson and Falls 1965) and would move more often to the habitat of higher quality. In our experiment, emigrating voles could always choose to move into a habitat with the opposite cover type that did or did not contain supplemental food (Fig. 1) . Because supplemental high-quality food improves habitat quality for voles (Desy and Batzli 1989) , we expected more emigrating voles to move toward habitats with supplemental food. If some voles are familiar with adjacent habitats but others are not, both nonrandom and random movements would occur. Thus, movements could be biased toward the higher quality habitat and toward the nearest habitat, and the effects of food and distance would be independent of each other.
Effects of age, sex, and mating system.-Evolutionary theory predicts greater dispersal by subadults than by other age categories (Morris 1982) . The bias of dispersal toward 1 sex, however, depends on the mating system of the focal species (Greenwood 1980) . Prairie voles are monogamous or communal, and members of the social units share a common home range (Getz et al. 1993) . Therefore, we expected no sex bias in tendency to disperse. On the other hand, meadow voles are promiscuous (Boonstra et al. 1994) . Adult females defend territories and adult males have large home ranges that overlap with those of several adult females (Madison 1985) . Therefore, we expected a male bias in tendency to disperse. Assuming that the pattern of emigration across habitat borders reflects dispersal from natal home ranges, we predicted that emigration by prairie voles would be biased toward subadults in general, whereas emigration by meadow voles would be biased toward males.
Sex-specific settlement patterns.-A widely accepted paradigm for behavioral differences in small mammals is that the spacing of females reflects the distribution of resources (food and nest sites), whereas males respond to the distribution of receptive females (Ims 1987 (Ims , 1988 Ostfeld 1985) . Therefore, we expected female emigrants to settle in habitats with higher food availability more often than would males. Because sex ratio within any habitat type did not differ from 1:1 during most of the growing season (Lin and Batzli 2001) , we did not expect male emigrants to show preference for settling in any habitat type.
MATERIALS AND METHODS
Experimental design.-We conducted field work at the Ecological Research Area of the University of Illinois, 5 km NE of Urbana, Illinois. The study area (888W, 408N) was an old pasture dominated by perennial grasses (Lin and Batzli 2001) . We used prairie voles during the growing season in 1995 and meadow voles in 1996. The 2 experiments used the same experimental design, livetrapping protocol, and statistical analyses.
We manipulated habitat quality in 4 replicated 0.52-ha enclosures (Fig. 1) by altering availability of high-quality food with continuous addition of rabbit chow (Purina Mills LLC, St. Louis, Missouri) evenly distributed in twenty 250-ml bottles and reducing the amount of vegetative cover (kept at 10-20 cm high) by periodic mowing. Each enclosure was subdivided into 4 quadrants of different habitat types (33 Â 39 m; Fig. 1 ): 2 were provided with supplemental food and 2 were mowed in a 2 Â 2 factorial design. Four treatment combinations resulted: high food-high cover; high food-low cover; low foodhigh cover; and low food-low cover. Food and cover were assigned randomly to quadrants, but the relative positions of cover treatments were maintained so that the juxtaposition of adjacent habitat types did not differ among replicates.
All 4 enclosures were fenced with steel panels that reached 0.5 m belowground and at least 0.3 m aboveground. Both terrestrial and avian predators could enter, but voles could not leave the enclosures. Fences also separated habitats within each enclosure, but each wall had 3 open gates (5-Â 10-cm holes at ground level) that allowed voles to move between habitats. The gates were placed at 0.5-m intervals near outside walls so that voles entering a new habitat had to traverse it completely (.50 m) before moving to a 3rd habitat.
Each habitat had trapping stations at 5-m intervals in a 7 Â 8 grid with 1 trap at each station, except that stations adjacent to gates had no trap ( Fig. 1 ). Three pairs of adult voles were released into each habitat in late May to early June. We livetrapped for 3 consecutive days and checked traps twice each day at 2-week intervals until mid-November. Reproductive females were tracked to their nests with fluorescent powder (Getz and Hofmann 1986) . We intensively livetrapped around such nests 3 days/week in an effort to capture young when they emerged. We marked voles with Monel ear tags (National Band and Tag Co., Newport, Kentucky) and released them at the point of capture. Date, location, tag number, weight, sex, age, and reproductive condition were recorded at each capture.
The quality of the 4 habitat types on the basis of in situ demographic parameters (Lin and Batzli 2001) was ranked, in order of decreasing quality, as follows: high food-high cover; low food-high cover; high food-low cover; and low food-low cover.
Data analyses.-Because ability to trap voles was generally high (87% for prairie voles and 76% for meadow voles), we used the minimum number known alive to calculate density during each trapping session (Boonstra 1985) . We assumed that young were born in the habitat where they were 1st captured because we rarely captured unmarked animals of .25 g and because only 11% of interhabitat movements were performed by animals of ,25 g.
We classified movements between habitats into 3 types of emigration: resident, nomadic, and exploratory. We defined a home habitat as the habitat where a vole was born or where it stayed .2 weeks (at least 2 consecutive trapping sessions). If a vole left a home habitat and stayed in another habitat for .2 weeks, we called it resident emigration; if a vole moved among several different habitats in different weeks before staying for .2 weeks in a new habitat, we called it nomadic emigration; if a vole left home and stayed in another habitat for ,2 weeks, then returned home and stayed .2 weeks, we called it exploratory emigration. We used a 2-week period to define movement types because we trapped every 2 weeks and nearly all voles that returned to their original habitat did so within 2 weeks. Types of movement could not be determined for animals that disappeared within 2 weeks of 1st moving (presumably taken by predators) or for animals whose original movement occurred near the end of the experiment.
Experimental treatments, food (2 levels), and cover (2 levels) were replicated 4 times spatially, and parameters were estimated early (weeks 8-14) and late (weeks 16-22) in the growing season. We used a fixed-factor, 2-way analysis of variance (ANOVA) with repeated measures in the analyses of per capita emigration rates and proportion of movement types. We did not use data for the first 6 weeks because only founders were present then and their movements reflected original patterns of settling. To test whether the proportion of exploratory and nomadic emigration increased at late season, we used paired t-tests (early versus late season, pooled over habitat types). A modified Freeman and Tukey transformation for proportions was used to equalize variances before data analyses (Zar 1996) .
To test for the influence of distance to the new habitat, we calculated the center of activity for each vole before movement (the spatial average of all captures during the 2 weeks before the detection of movements) and measured the straight-line distance to each set of gates that allowed access to other habitat types. Directions of movements were not available for 14 (4%) of the emigrant prairie voles and 29 (6%) of the emigrant meadow voles because they moved 2 habitats away (diagonally in relationship to their home habitat; Fig. 1 ) and gave no indication of their route. We separately compared the frequency of movement to nearer and farther habitats and the frequency of movement to habitats with or without supplemental food with those expected for 1:1 ratios (no effect of distance or food) by goodness of fit G-tests (Sokal and Rohlf 1995) . Then we used G-tests of independence (2 Â 2 contingency tables) to determine whether the effects of food and distance on the direction of movements interacted. Similarly, to test for the influence of supplemental food on settlement patterns, we 1st used separate goodness of fit G-tests for female and male voles, followed by G-tests of independence to examine the interaction.
To test for the influence of sex and age on the pattern of emigration, we used 2 Â 3 (sex and age) contingency tables to compare frequencies of movement in relation to sex and age of voles (accumulated over weeks 8-22 for each habitat type) with expected frequencies from a random sample of the population structure over the same time period. For each type of emigration, we compared the observed values against expected values with goodness of fit G-tests. After detecting significance in the 2 Â 3 tables, we combined cells to test separately the effects of sex or age. Frequencies of emigration for each habitat type were summed across replicates to increase sample sizes after G-tests of homogeneity indicated similar patterns among replicates (Sokal and Rohlf 1995) . We applied William's correction to all G-tests, except tests of homogeneity (Sokal and Rohlf 1995) . Our criterion for statistical significance was P , 0.05. Results are presented as mean 6 1 SE.
RESULTS
Population growth.-The number of prairie voles within enclosures grew rapidly and reached a mean of 91 6 9 voles (177 voles/ha) by week 22, the end of the experiment. Populations in habitats with high cover with and without supplemental food had similar population growth; their mean densities increased from 6 founders to 34 6 3 and 34 6 4 individuals, respectively. Populations in low cover with food addition increased to 15 6 5 individuals, but those in low cover without food addition only increased to 8 6 2 individuals.
The number of meadow voles within enclosures reached a mean of 174 6 21 voles (338 voles/ha) by the end of the experiment. Populations in high-cover habitats increased to means of 82 6 13 and 72 6 15 individuals for high-food and low-food habitats, respectively. Populations in low-cover habitats with food addition increased to 14 6 5 individuals, whereas populations in low-cover habitats without food addition remained at low densities (7 6 2 individuals at week 22).
Propensity to move.-Prairie voles in low-cover habitats consistently had higher per capita emigration rates, 2-10 times greater than their counterparts in high-cover habitats ( Fig. 2; cover effect, F ¼ 27.61, d.f. ¼ 1, 12, P , 0.0005). Per capita rates of emigration decreased substantially with time, up to 7-fold greater early in the season (season effect, F ¼ 14.92, d.f. ¼ 1, 12, P , 0.005). Neither the effect of food nor any interaction terms were significant (d.f. ¼ 1, 12, P . 0.10 in all cases).
Meadow voles in low-cover habitats also had higher per capita emigration rates, 2-4 times greater than in the high-cover habitats ( Fig. 2; cover effect, F ¼ 37.02, d.f. 1, 12, P , 0.0001). Per capita rates of emigration again decreased with time, up to 3-fold greater early in the season (season effect, F ¼ 7.14, d.f. ¼ 1, 12, P , 0.025). Neither the food effect nor interactions were significant (d.f. ¼ 1, 12, P . 0.10 in all cases).
Types of movement.-Over weeks 6-22, 31% 6 2% of prairie voles left their home habitats, and most emigrants (85%) moved only once. We observed a total of 220 interhabitat movements (pooled over 4 replicates, 55 6 4 per replicate). A majority of movements (62% 6 5%) led to settlement in a new habitat as either a resident or a nomad, but the percentage in each category varied strongly with habitat type (Fig. 3A) . Lowcover habitats had a significantly greater proportion (cover effect, F ¼ 5.24, d.f. ¼ 1, 12, P , 0.05) of resident emigrants than did high-cover habitats, but food effect and interaction were not significant (d.f. ¼ 1, 12, P . 0.25 in both cases). High-cover habitats had a greater proportion of exploratory emigrants than did low-cover habitats, (cover effect, F ¼ 5.08, d.f. ¼ 1, 12, P , 0.05), but again, food effect and interaction were not significant (d.f. ¼ 1, 12, P . 0.50 in both cases). The likelihood of nomadic emigration was not significantly habitat dependent (d.f. ¼ 1, 12, P . 0.50 for both main effects and P . 0.05 for the interaction). The proportion of nomadic and exploratory emigration, compared with resident emigration, appeared higher late in the season, but the trend was not significant (t ¼ 2.69, d.f. ¼ 3, P . 0.05).
During weeks 6-22, 29% 6 2% of the meadow voles left their home habitats, and most of these emigrants (82%) moved only once. We observed a total of 396 interhabitat movements (pooled over 4 replicates, 99 6 16 per replicate). A majority of these movements (66% 6 2%) led to settlement in a new habitat as resident or nomadic emigrants (Fig. 3B) . A greater proportion of emigrants from low-cover habitats were categorized as resident than were those from high-cover habitats (cover effect, F ¼ 7.80, d.f. ¼ 1, 12, P , 0.025). Food and interaction effects were not significant (d.f. ¼ 1, 12, P . 0.90 in both cases). High-cover habitats had a greater proportion of exploratory movements than did low-cover habitats (cover effect, F ¼ 38.90, d.f. ¼ 1, 12, P , 0.0001), and neither the food nor interaction effects were significant (d.f. ¼ 1, 12, P . 0.25 in both cases). The likelihood of nomadic emigration was not habitat dependent (d.f. ¼ 1, 12, P . 0.10 for both main effects and interaction). Finally, the proportion of nomadic and exploratory emigration increased later in the season (t ¼ 3.50, d.f. ¼ 3, P , 0.05).
Direction of movement.-Most emigrant prairie voles moved to habitats with gates closer to their centers of activities (64%) and to habitats with supplemental food (59%; Table 1 ). Both trends were significant when tested individually against an expected 1:1 ratio (distance, G ¼ 14.53, d.f. ¼ 1, P , 0.0001; food, G ¼ 5.32, d.f. ¼ 1, P , 0.025), and the trends were independent of one another (Table 1 
Most emigrant meadow voles also moved to habitats closer to their centers of activities (65%), but they moved only slightly more to habitats with supplemental food (51%; Table  1 ). When tested against the expected 1:1 ratio, the effect of distance was highly significant (G ¼ 17.56, d.f. ¼ 1, P , 0.001), but the effect of food was not (G ¼ 0.02, d.f. ¼ 1, P . 0.50). Trends were independent of one another (Table 1; 
Sex and age of emigrants.-Age, but not sex, appeared to influence emigration by prairie voles (Table 2) . Sex Â age contingency tables were significant for resident (G ¼ 16.39, d.f. ¼ 2, P , 0.001), nomadic (G ¼ 9.38, d.f. ¼ 2, P , 0.01), and all emigration (G ¼ 13.11, d.f. ¼ 2, P , 0.005), but not for exploratory emigration (G ¼ 5.31, d.f. ¼ 2, P . 0.05). Looking at sex and age separately, no overall sex bias occurred; a total of 115 males and 105 females emigrated from background populations that had a 1.00:1.02 ratio of males to females (Table 2 ; G ¼ 0.71, d.f. ¼ 1, P . 0.25 for all emigration). However, more subadult and fewer adult prairie voles than expected emigrated (G ¼ 6.92, d.f. ¼ 2, P , 0.05). This pattern largely reflected that for resident emigrants (sex ratio, G ¼ 0.01, d.f. ¼ 1, P . 0.90; age structure, G ¼ 12.02, d.f. ¼ 1, P , 0.001). For the relatively few nomadic emigrants, age structure was similar to that of the background populations (G ¼ 1.93, d.f. ¼ 2, P . 0.25), but sex ratio was biased toward males (G ¼ 4.78, d.f. ¼ 1, P , 0.05).
Sex, but not age, appeared to influence emigration by meadow voles (Table 2) . Sex Â age contingency tables were significant for all 3 emigration types (Table 2; 
Unlike prairie voles, overall movement was highly biased by sex; 242 males and 154 females moved from populations that had a 1.00:0.97 ratio of males to females (G ¼ 16.82, d.f. ¼ 1, P , 0.001). Emigration among age categories occurred as expected from the population structure (G ¼ 3.25, d.f. ¼ 2, P . 0.10). Again, this pattern largely reflected that for resident emigrants (sex ratio, G ¼ 8.00, d.f. ¼ 1, P , 0.005; age structure, G ¼ 2.38, d.f. ¼ 2, P . 0.25). In accord with prairie voles, the age structure of the relatively few nomadic emigrants was similar to that of the background populations (G ¼ 1.30, d.f. ¼ 2, P . 0.50), but sex ratio was biased toward males (G ¼ 5.06, d.f. ¼ 1, P , 0.025). The age structure of exploratory emigrants was biased toward adults (G ¼ 8.45, d.f. ¼ 2, P , 0.05), whereas the sex ratio was not biased (
Sex-specific settlement patterns.-Among emigrant prairie voles, 33 of 49 females (67%) and 35 of 61 males (57%) settled in habitats with supplemental food, which indicated a significant preference for such habitats by females (G ¼ 5.96, d.f. ¼ 
DISCUSSION
In support of the key prediction of the ideal-free distribution model of Fretwell and Lucas (1970) , we earlier showed equal fitness for both prairie vole (in the late season) and meadow vole populations in habitat types of different suitability (Lin and Batzli 2001) . Movement patterns reported here contributed to that result. Higher per capita emigration rates and a greater proportion of permanent (resident) emigration from low-cover habitats, combined with a greater proportion of temporary (exploratory) emigration from high-cover habitats, reflected the lower suitability of low-cover habitats. Both species of voles had net movement from habitats of low quality to habitats of higher quality, which contributed to low densities in low-cover habitats and high densities in high-cover habitats. Fitness of voles declined with population density, particularly in habitats of high cover Batzli 2001, 2002) . As a result of net movements and in situ births and deaths, realized suitability of all the habitats became more similar, and differences in fitness among habitat types were reduced. Reduction in overall emigration rates and in proportion of resident emigrants late in the growing season further suggested that high population densities affected colonization success of emigrants, an effect also observed by Gundersen et al. (2002) .
The low-cover sites in our experiment were hostile, which is similar to transient habitats (Stenseth and Lidicker 1992) in an ecological landscape. Low densities in low-cover habitats were not associated with an absence of recruitment, however, but with high emigration rates. Although few individuals remained in low-cover habitats, they acquired as much per capita reproductive success as residents in high-cover habitats (Lin and Batzli 2001) . Effects of supplemental food were particularly profound in poor habitats. In addition to attracting emigrants, low-cover habitats with supplemental food supported greater in situ reproduction than low-cover habitats without supplemental food (Lin and Batzli 2001) . These results support the proposition that enhanced low-quality habitats not only increase connectivity (defined as the probability of movement between landscape elements-Merriam 1995) but also provide colonizers for high-quality habitats. Increased probability of colonization should enhance recolonization after local extinction and the growth of local populations, thereby increasing the persistence of metapopulations (Henein and Merriam 1990) .
How much small mammals know about the area outside their home ranges likely affects their pattern of movements and is affected by habitat grain (Bernstein et al. 1991) . When habitat grain is large relative to mobility (Bernstein et al. 1991) or perceptual range (Zollner and Lima 1997) of potential emigrants, they are less likely to respond to the quality of surrounding habitats and seem more likely to move randomly (Zollner and Lima 1999) .
Given a choice, more prairie voles moved toward habitats with supplemental food and toward the nearest available habitat, but the probability of a vole moving toward a habitat with supplemental food was not affected by its distance from that habitat. This observation suggested that some prairie voles had information about the surrounding habitats well out of their home ranges (Robinson and Falls 1965) , but others did not. Somewhat similar movement patterns observed by Diffendorfer et al. (1995) lend credence to this suggestion. They found that a greater proportion of prairie voles moved from highly fragmented habitats to less fragmented habitats (assuming the former habitats were of lower quality than the latter) and that animals were more likely to move to closer habitats. Meadow vole behavior was different from prairie vole behavior. Although meadow voles moved toward the nearest available habitat, we detected no effect of supplemental food. It seems unlikely that meadow voles moved randomly when prairie voles did not because meadow voles have much larger home ranges than those of prairie voles (Madison 1985) . Most likely, meadow voles simply did not respond to supplemental food. The natural diet of meadow voles contains a lower proportion of highly digestible forage (forbs) than does that of prairie voles (Cole and Batzli 1979; Haken and Batzli 1996; Lindroth and Batzli 1984) , so supplemental food (rabbit chow) might be less attractive to meadow voles during the growing season.
Habitat quality, in terms of the availability of high-quality food, affected settlement patterns of emigrating female, but not male, prairie voles. Females tended to settle in habitats with supplemental food, which is consistent with the 1st part of the hypothesis that female arvicolines respond to competition for food resources but that males respond to availability of females. Availability of supplemental food did not affect settlement of female meadow voles, however, probably because supplemental food was less attractive to meadow voles. Although males of neither species preferentially settled in habitats with supplemental food, only male meadow voles showed a settlement pattern significantly different from that of females, as expected if they responded to a different environmental factor.
Not only habitat quality, but also age, sex, and mating system appeared to affect the pattern of emigration across habitat boundaries. Movements across habitat borders need not reflect the pattern of dispersal from natal home ranges within a habitat (Davis-Born and Wolff 2000), but we found that resident emigration largely conformed to our predictions on the basis of those patterns. Resident emigration by prairie voles was biased toward subadults. A significantly greater number of subadult prairie voles of both sexes emigrated than was expected. Resident emigration of meadow voles was male biased, although not age biased. Other types of emigration did not agree with the predictions, but they were consistently biased toward males, although the bias was not statistically significant for exploratory movements (Table 2) . Nomadic emigrants, predominantly males in both species, often moved through different habitats over a long period of time before settling. Such males might have adopted an alternative reproductive strategy (Solomon and Jacquot 2002) by wandering (sensu Getz et al. 1993) or were engaged in long-distance movements (Kozakiewicz and Szacki 1995) .
Over the course of the growing season (June to midNovember), approximately 30% of individuals (for both species of voles) emigrated from their home habitats, but only 62% of these settled permanently in new habitats. This 18% emigration rate was slightly higher than estimates from previous studies of similar species: 15.9% for Townsend's voles, M. townsendii (Beacham 1980); 7% (Diffendorfer et al. 1999 ) and 16.7% (Verner and Getz 1985) for prairie voles; and 6.6% for meadow voles. Most individuals that did move across habitat boundaries moved only once (85% for prairie voles and 82% for meadow voles). Diffendorfer et al. (1999) found a similar pattern for cotton rats (Peromyscus maniculatus-77%), prairie voles (74%), and deer mice (Sigmodon hispidus-62%). Overall, our results indicate that emigration across habitat boundaries by voles is limited, but not rare, and almost certainly affects population distribution at the landscape level.
In heterogeneous landscapes, variation in habitat quality, either in terms of food or cover, creates the context in which individuals choose habitat types. As demonstrated in this study, although individuals of different sex, age, and life history respond to heterogeneity differently, at least some voles seem to be aware of alternative habitats outside their home ranges. They moved to and settled in habitats in which they were likely to maximize their fitness. Movements across habitat boundaries adjusted population densities in different habitats, especially increasing the densities in high-quality habitats, which reduced the differences in fitness among habitat types (Lin and Batzli 2001) . In agreement with Diffendorfer et al. (1999) , our results strongly suggest that an ideal-free distribution across habitat boundaries is the appropriate null model for voles.
